Four local anaesthetic solutions (2% carbonated lignocaine with or without adrenaline and 0.5% bupivacaine HCl with or without adrenaline) were used randomly for 335 continuous lumbar extradural blocks in labour. Carbonated lignocaine caused a more rapid onset of analgesia than bupivacaine HCl. The addition of adrenaline made little difference to the onset times, prolonged markedly the duration of analgesia with carbonated lignocaine and had little effect on the duration of analgesia with bupivacaine HCl. Tachyphylaxis was a feature with carbonated lignocaine and adrenaline, but not with the other solutions. The incidence of unblocked segments was 7-9% in the four groups. The incidence of unilateral analgesia was 6% with plain lignocaine and 13% in the other groups! Complete pain relief occurred more frequently with bupivacaine HCl than with carbonated lignocaine and the use of adrenaline had little effect on the degree of analgesia.
Unblocked segments (one or more dermatomes sensitive to pain during an otherwise effective extradural block) were noted by Bryce-Smith (1954) during caudal analgesia. Ducrow (1971) observed that the incidence of unblocked segments in over 900 obstetric lumbar extradural blocks with 8.0 ml of 0.25% bupivacaine was 6.7%, and in 1.5% of blocks treatment was ineffective. During labour, pain persists most frequently in the groin, usually on the right side in the area of skin supplied by the first lumbar nerve. Occasionally other areas may be unblocked and, very occasionally, there may be bilateral unblocked segments. During labour the pain in an unblocked segment may be severe and the patient regards the extradural block as having failed. Although a further injection, while the patient lies on the painful side, may relieve the pain, this is not always the case in our experience. The explanation of the unblocked segment is not known, except that the local anaesthetic solution may not have penetrated the nerve root. In most cases the skin in the painful area remains sensitive to the painful stimulus of a pin-prick, while the skin on either side is insensitive to pain. Although inadequate dosage may account for an unblocked segment, the routine use of large volumes may increase the incidence of arterial hypotension. 
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A unilateral block has occured when one side remains sensitive to a painful stimulus and uterine contractions are unilaterally painful. Ducrow (1971) observed unilateral analgesia in only 1.5% of her patients but we have encountered this complication more frequently. Using lumbar extradural analgesia with bupivacaine for the induction of labour, Caseby (1974) , using 10 ml of 0.25% plain bupivacaine, noted unilateral analgesia in 21% of his patients. This was corrected by a further injection and suitable positioning of the patient. Bromage (1972) recorded a 1% incidence of unblocked segments using 4-8 ml of 1 or 2% carbonated solutions of lignocaine with adrenaline for lumbar extradural analgesia in obstetrics compared with 8.8% with bupivacaine HCl. We have conducted a controlled trial of four local anaesthetic solutions including carbonated lignocaine.
METHOD
Three hundred and thirty-five patients, including 311 primigravidae were studied. The local anaesthetic solution was allocated randomly (table I) . Continuous Lignocaine CO 2 2% with 1 : 200 000 adrenaline lumbar extradural analgesia was induced when labour became painful. The puncture was performed with the patient in the sitting position, using a 16-gauge Tuohy needle and 4 or 5 cm of catheter was left in the extradural space. Patients were in the lateral position during labour and were encouraged to lie on alternate sides at intervals. Because of the effervescence of carbonated lignocaine solutions, the anaesthetist was aware of the nature of the solution. When adrenaline was used it was added by the anaesthetist. Repeat injections were given from a 50-ml syringe within a sterile bag. Almost all patients received 7-ml or 8-ml doses of the solution in use.
The time to onset of analgesia (latency time) was the time for cutaneous analgesia to a pin-prick to reach the 11th thoracic dermatome. Because of the uncertainty of the frequency of uterine contractions we could not use the first painless contraction as an index of latency. The duration of analgesia was the time between the onset of analgesia and the recurrence of painful uterine contractions.
An unblocked segment was recorded when pain was felt in a localized area during an otherwise successful block. Rectal pain was excluded from this definition. A unilateral block was recorded when analgesia was present on one side only. When a patient complained of pain during extradural blockade the absence of cutaneous analgesia was confirmed by pin-prick. Unblocked segments and unilateral block were treated by a further injection of 3 ml of local anaesthetic solution while the patient lay on the painful side. They were classed as temporary or persistent according to the response to the injections. The local anaesthetic drug was not changed at any time.
Each patient was interviewed, usually on the 2nd day after delivery, by an anaesthetist who had not performed the extradural block and who was unaware of the nature of the solution used. A standard questionnaire was completed. Enquiry was directed towards backache, headache and upsets of micturition. The patient's assessment of her analgesia in labour and at delivery (complete, helpful, no help) was recorded. The patients were asked about feelings of deprivation attributed to the use of extradural analgesia, and their willingness to have extradural analgesia for a subsequent labour. The interviews were confined to the 311 primigravidae because it was considered that the opinions of the multigravidae would be influenced by their previous experience of childbirth.
RESULTS
The latency times for the carbonated lignocaine solutions were significantly shorter than those for the bupivacaine HC1 solutions (P<0.01) (table II). The duration of pain relief with the four solutions is shown in table III and figure 1. There was a striking reduction in the duration of analgesia following the fourth and fifth injections of carbonated lignocaine with adrenaline. With the other solutions the duration of analgesia was consistent throughout. The addition of adrenaline 1 : 200 000 prolonged the action of the first two or three injections of carbonated lignocaine, but had only a slight effect on the duration of bupivacaine. Table IV shows the incidence of unblocked segments, temporary and persistent, the incidence of unilateral blocks, and the response to treatment. The high incidence of unilateral blocks was unexpected. There was no difference in incidence between any of the drug groups. Apart from a reduced incidence of unilateral analgesia with bupivacaine, there was no The evaluation of pain relief during labour and delivery, by the mothers, is recorded in tables VIII and IX. In many patients who experienced pain during forceps delivery, analgesic concentrations of nitrous oxide were given and the obstetrician infiltrated the perineum with local anaesthetic solution. "Slight pain" ( injection was too late to ensure complete analgesia before a forceps delivery. Six patients complained spontaneously of inability to move the legs during the first stage of labour. Five of these had received 2% carbonated lignocaine with 1:200 000 adrenaline and one had received 0.5% bupivacaine with adrenaline.
Post-partum difficulty of micturition occurred commonly. Table X shows the incidence of retention of urine and disturbances of micturition (other than hesistancy in initiating micturition) which lasted for 12 hr or longer. Often retention was painless. These upsets of micturition were more common after forceps delivery than after spontaneous delivery and were unrelated to the local anaesthetic drug used. severe than any backache which had been present during pregnancy. Localized tenderness at the site of skin puncture in the lumbar region was excluded.
DISCUSSION
This study was undertaken in the hope of confirming the observations of Bromage (1972) who found that carbonated lignocaine with adrenaline was associated with a reduced incidence of unblocked segments during obstetric extradural analgesia, and was recommended enthusiastically for wider clinical trial. Bromage and his colleagues (1967) had noted that carbonated solutions of lignocaine and prilocaine were 20-40% more effective, as judged by rapidity of onset and intensity of block, compared with the standard hydrochloride salts. It was suggested that the addition of carbon dioxide improved the distribution of the local anaesthetic between the various components of nerve tissue because of a local reduction in tissue pH. According to Takman (1975) carbon dioxide, a fast membrane penetrator, converts the local anaesthetic amine to charged ammonium ion within the axon as a result of a decrease in pH. In the present study bupivacaine HC1 was used as the standard drug. Bupivacaine is now used extensively for obstetric extradural analgesia because it is relatively long-acting and does not cross the placenta to a great extent (Reynolds, Hargrove and Wyman, 1973) . One of the disadvantages of bupivacaine HC1 is the occurrence of unblocked segments in about 7% of extradural blocks in obstetrics (Ducrow, 1971) . This incidence was confirmed in the present series. However, the findings of Bromage (1972) were not confirmed. The incidence of unblocked segments varied only between 7% and 9% with the four solutions used. The cause of the unblocked segment remains unknown and, in our experience, is not clearly related to the choice of local anaesthetic solution or to the addition of adrenaline. Among the explanations which have been advanced are the existence of extradural membranes and septa (Shanks, 1968; Usubiaga, dos Reis and Usubiaga, 1970) and the limitation of spread of solution by veins distended during labour (Bromage, 1972) . The most common site for persistent pain in labour is the right groin in the area supplied by the ileohypogastric nerve (LI) which is not formed until after its root has left the extradural space (Crawford, 1972) . The first lumbar nerve is the thinnest of the lumbar nerves; thus the magnitude of the diameter is not the explanation for poor penetration.
In this series, unilateral analgesia was usually treatable. It is not thought to have been related to the local anaesthetic drug used but may have been a result of an anterior extradural septum (Usubiaga, dos Reis and Usubiaga, 1970) or the insertion of an excessive length of catheter into the extradural space.
The latency times for the onset of analgesia were significantly shorter with carbonated lignocaine. The clinical significance of this is not sufficient to justify carbonated lignocaine as the agent of choice when analgesia is required urgently in, for example, foetal distress.
The duration of analgesia was less after plain carbonated lignocaine than after carbonated lignocaine with 1:200 000 adrenaline. The addition of adrenaline 1 : 200 000 to bupivacaine HC1 increased the duration of analgesia by 20 min and this is in agreement with Reynolds and Taylor (1971) . However, Waters, Rosen and Perkins (1970) and Browne and Carton (1971) observed that adrenaline prolonged the action of bupivacaine by 40-50 min. Tachyphylaxis was a feature with the carbonated lignocaine and adrenaline solution. By the time of the fifth repeat injection, analgesia was present for only 57 min, a reduction of more than 50%.
During the first stage of labour, with bupivacaine, analgesia was complete in 77% and 80% of patients, whereas the carbonated lignocaine solutions gave complete relief of pain in only 56% and 60%. Crawford (1972) observed complete pain relief in 81% of patients who received bupivacaine. Two to 7% of patients obtained worth-while pain relief and there was a close correlation between failure of analgesia and evidence of persistent unblocked segments or unilateral analgesia: The relationship between the incidence of tem-• porary unblocked segments and unilateral blocks with extradural analgesia classed as "helpful" is less obvious, particularly in the case of carbonated lignocaine:
Temporary unblocked segments and "Helpful" unilateral blocks analgesia Bupivacaine HC1 11% 18% Bupivacaine HCl + adren. 15% 16% Lignocaine CO 2 18% 40% Lignocaine CO 2 + adren. 17% 34%
It is probable that complete failure of analgesia is a result of a persistent unblocked segment or unilateral block, these being independent of the choiceof local anaesthetic solution. Incomplete but "helpful" analgesia, although probably occurring in association with a temporary unblocked segment or unilateral block, is more common following carbonated lignocaine than following bupivacaine. There may be an inherent deficiency of the lignocaine solution, or its shorter action may result in more frequent episodes of pain, while awaiting a repeat injection. The pain relief obtained from pethidine during labour is much less than in any of the groups in this study. According to Holdcroft and Morgan (1974) no patients obtained complete pain relief and only 22% obtained satisfactory analgesia from the use of pethidine i.m.
Analgesia for forceps delivery was complete more often after bupivacaine HC1. Nevertheless, in as many as 13% forceps delivery was a painful experience and nitrous oxide analgesia and local infiltration of the perineum were used in these circumstances. Pain during forceps delivery sometimes occurred in the presence of adequate perineal analgesia, as judged by the painless performance of episiotomy. Pain is then thought to be a result of distension of the birth canal by the foetal head. In other patients perineal pain occurred because of inadequate caudal spread.
Motor block was not assessed specifically but, of the six patients who complained spontaneously of motor block as an unpleasant and disturbing experience, five had received carbonated lignocaine with adrenaline. Motor block is an unwelcome feature of obstetric extradural analgesia because it may prevent the attainment of a spontaneous delivery if this is desired.
Post-partum difficulties with micturition were common and most often took the form of painless retention of urine. These difficulties were more common after forceps delivery than after spontaneous delivery, indicating that only part, if any, of the blame for this complication can be attributed to extradural analgesia. The incidence of disturbances of micturition is slightly higher than the 34% recorded in an earlier series of forceps deliveries under extradural analgesia (Moir and Davidson, 1972) in which a control series of patients who had forceps deliveries under pudendal block had a 20% incidence of disturbances of micturition. Crawford (1972) noted that 25.8% of women who had forceps delivery under extradural analgesia experienced post-partum disturbances of bladder function. The incidence of backache was 22% after extradural block and 32% after pudendal block, while the incidence of headache was 18% and 10% respectively (Moir and Davidson, 1972) . In Crawford's (1972) series backache occurred in 45% of women delivered under extradural analgesia. 
SUMARIO
Se usaron cuatro soluciones anestesicas locales al azar (linocaina carbonatada al 2% con o sin adrenalina y hidrocloruro (HCl) de bupivacaina al 0,5% con o sin adrenalina) para 335 bloqueos lombos continuos durante dolores del parto. La linocaina carbonatada produjo un comienzo mas rapido de analgesia que HCl de bupivacaina.
La adicion de adrenalina signified poca diferencia en los tiempos de comienzo, prolongo notablemente la duracion de la analgesia con linocaina carbonatada y tuvo poco efecto en la duracion de la analgesia con HCl de bupivacaina. La taquifilaxis fue una caracteristica con linocaina carbonatada, pero no con las otras soluciones. La incidencia de segmentos sin bloquear fue de 7 a 9% en los cuatro grupos. La incidencia de analgesia unilateral fue del 6% con linocaina sencilla y del 13% en los otros grupos. Se produjo un alivio completo del dolor mas frecuentemente con HCl de bupivacaina que con linocaina carbonatada y el uso de adrenalina tuvo poco efecto en el grado de analgesia.
